By extending functional primers attached to a solid phase and incorporating a digoxigenin label, it is possible to visualise PCR products as discrete spots on specific regions of a solid support after colorimetric detection. The technique has been used for the detection of the point mutation associated with porcine malignant hyperthermia.
Conventional PCR product detection involves ethidium bromide staining of agarose gels and visualisation of bands under UV light (1) . Alternative colorimetric approaches tend to rely on post-PCR capture of labelled products, either via hybridisation based on nucleotide sequences (2-5), or using ligand binding (6) (7) (8) . We report here a method of detecting PCR products that have been generated using functional primers attached to a solid phase: the technique requires neither gel electrophoresis nor a separate post-PCR manipulation to facilitate amplicon capture. In the presence of an appropriate DNA template, immobilised primers are extended, with a digoxigenin (Dig) label (Boehringer Mannheim) being incorporated into the newly synthesised strands of nucleic acid which remain anchored via the immobilised primer. Colorimetric detection (Fig. 1 ) subsequently reveals these products as discrete spots on specific regions of the solid support. Discrimination of alternative alleles on the same membrane is demonstrated here, suggesting that multiplex analyses will be possible.
As a model system, a point mutation in the gene for the porcine ryanodine receptor, C→T at base 1843 in the cDNA, was chosen. This has been found to be associated with malignant hyperthermia (9) and consequently has considerable economic importance. Primer design was based on the general rules previously described for mutagenically-separated PCR [MS-PCR (10)] and allelic discrimination was seen in conventional solution-based reactions (11) . The two allele-specific primers were then adapted for immobilisation on a solid phase by attaching a 5′ poly T anchor (2) of 81 bp in a total primer length of 110 bp, with the remainder of each primer having an identical sequence to that used in the solution MS-PCR (11) . Using a Gilson P2 Pipetman, 0.2 µl of a 20 pmol/µl solution of each poly dT primer was spotted onto a piece of Hybond N (Amersham) that had been cut so as to fit into the bottom of a 0.5 ml Eppendorf tube, and of a size such that it was completely immersed by a reaction volume of 100 µl, constituting a 'dipstick'. The primers were then covalently attached to this by UV-crosslinking, with a dose of 120 mJ/cm 2 (2) being delivered via a UV Stratalinker 1800 (Stratagene). Reactions contained the following in solution: 10 mM Tris-HCl (pH 8.8 at 20_C); 1.5 mM MgCl 2 ; 50 mM 0.1% Triton X-100; 6.19 µM each of dATP, dCTP, dGTP; 5.79 µM dTTP; 0.21 µM Dig-dUTP; 0.1 µM non-selective downstream primer (MS-P3); 0.08 µM mutant allele-specific primer (MS-P2); 0.8 µM wild type allele-specific primer (MS-P1); 125 ng porcine DNA; 1.5 U Taq DNA polymerase (Boehringer Mannheim) added in a Hot Start; sterile distilled water was added to 100 µl. The DNA was extracted from porcine leucocytes (12) with pigs whose genotypes had been verified using a conventional molecular test for malignant hyperthermia (13) . A Hybond dipstick supporting the immobilised primers was immersed in each reaction, prior to the addition of a sterile mineral oil overlay (50 µl). These reaction conditions did not employ the standard polymerase buffer supplied by Boehringer Mannheim, which contained 0.1 mg/ml gelatine; the substitution of 0.1% Triton X-100 for gelatine was *To whom correspondence should be addressed. Tel: +44 115 9516127; Fax: +44 115 9516122; Email: andrew.lockley@nottingham.ac.uk found to permit the development of colour associated with discrete spots of immobilised product without the need for post-PCR washes. Thermal cycling conditions were: l× [95_C, 5 min; 69_C, 1 min (during which time the Taq was added); 72_C 1 min] followed by 35× [95_C, 1 min; 69_C, 1 min; 72_C, 1 min]. Immediately the cycling was finished, the dipsticks were removed from the tubes containing the reactions and subjected to immunological detection according to the procedure described by Boehringer Mannheim, using an anti-Dig-alkaline phosphatase antibody conjugate with the colour substrates NBT and X-phosphate. Routinely, clear signals were apparent on the dipsticks within 5-10 min of adding the substrate solution.
Typical results are illustrated in Figure 2 . All dipsticks are spotted with both allele-specific primers, with the mutant allele-specific primer being immobilised towards the bottom, and that for the wild type at the top. All of the product generated, both the sense and antisense DNA strands, is Dig-labelled, but these soluble products do not attach nonspecifically to the membrane so as to confound the positive signals. Dipsticks used against homozygous mutant DNA have a discrete coloured spot corresponding to anchored, labelled product where the mutant-specific primer had been attached (a), whilst dipsticks used against homozygous wild type DNA have a discrete area of colour development in the region of the wild type-specific primer attachment (c). Heterozygote DNA samples produce coloured spots associated with both areas of primer immobilisation (b). The signal for the mutant allele-specific primer is stronger than that for the wild type. This is not a position effect, as reversing the immobilised primers produces similar results; it is liable to be a reflection of primer efficiency.
A series of experiments was undertaken to determine whether the membrane-bound primers were undergoing extension, participating in reverse hybridisation, or both: the Hybond dipsticks were stripped with two high stringency washes of boiling 0.1% SDS, immediately after the PCR and prior to colour development; this did not diminish the signal intensity, suggesting that amplicon capture is not of major significance. Omitting the downstream primer (MS-P3) from the reaction reduced the signal strength, although genotype diagnosis was still possible. As MS-P3 is responsible for the production of the antisense DNA strand, required for reverse hybridisation, this observation offers further evidence that the immobilised primers are being extended. By subjecting the poly T anchored mutant allele-specific primer (MS-P2) to 5′ end-labelling with 32 P using T4 polynucleotide kinase and [α-32 P]ATP, it was found that only 20% of the amount of primer that was spotted onto the dipstick remained attached. (This is less than the amount reported by Saiki et al. (2) using a similar method of oligonucleotide attachment for immobilised reverse hybridisation probes, although different membranes were employed.) The inclusion of solution counterparts to the allele-specific primers (MS-P1 and MS-P2) was found to increase the strength of the positive signals and reduce background noise: it is possible that the solution product, generated from both the conventional solution-based primers and free-floating poly T-anchored oligonucleotides, may serve as template to facilitate extension of the appropriate immobilised allele-specific primer. We postulate that the system functions as a consequence of extension of the immobilised primers, concurrent with exponential amplification.
Judicious selection of primer sequences is necessary so as to avoid primer-dimer formation which may otherwise produce false positive signals through the incorporation of Dig into truncated products.
